The order Rhizobiales was first defined by Kuykendall, and is the largest group within the class Alphaproteobacteria [1] . According to Bergey's Manual of Systematic Bacteriology, the class Alphaproteobacteria is divided into 11 orders, and the order Rhizobiales into 13 families, on the basis of 16S rRNA gene phylogenetic analyses [2] . Marine bacteria within the class Alphaproteobacteria mainly belong to three orders, namely Rhodobacterales, Sphingomonadales and Caulobacterales. Only a few members of the order Rhizobiales, including the genus Rhodobium, have been reported in marine environments [3] [4] [5] [6] . Nearly all of the bacteria in this order have been isolated from freshwater and terrestrial ecosystems, including soil. Here, we describe a novel species in a new family that exhibits characteristics, such as isolation source, predominant isoprenoid quinone and major fatty acids, similar to type strains of the families Brucellaceae, Rhizobiaceae and Phyllobacteriaceae in the order Rhizobiales [5, [7] [8] [9] [10] . This bacterium, strain YP382-1-A T , was distinguished from other, similar type strains by red-purple pigmentation of colonies on solid media, motility by means of a polar flagellum, growth on specific media, phylogenetic distance, DNA G+C content and fatty acid composition in comparisons with members of the closely related families Brucellaceae, Rhizobiaceae and Phyllobacteriaceae in the order Rhizobiales.
We identified this new Gram-stain-negative microbial taxon while investigating the diversity and secondary metabolites of bacteria isolated from marine sediment. Strain YP382-1-A T shared a low level of 16S rRNA gene sequence similarity (no higher than 94.5 %) with other members of Rhizobiales, within the class Alphaproteobacteria. In the current work, based on the characteristics and classification of strain YP382-1-A T , we propose that it represents a novel family-level group, Mabikibacteraceae fam. nov., of the order Rhizobiales.
Bacterial strain YP382-1-A T was isolated from marine sediment collected at Gimnyeong Beach, Jeju Island, Republic of Korea. After drying the marine sediment on a clean bench, it was transferred to a starch yeast peptone (SYP) medium (10 g soluble starch, 4 g yeast extract, 2 g peptone, 16 g agar, 1 litre filtered and sterilized seawater) plate and incubated at 27 C. After 8 days, a bacterial colony purple in colour (subsequently identified as YP382-1-A T ) was picked and transferred to fresh SYP medium to isolate an individual strain, which was then stored in 20 % (v/v) glycerol suspensions at À80 C.
Cells were cultured at 25 C for 7 days on SYP medium, marine agar 2216 (MA; Difco) and tryptic soy agar (Difco) for morphological studies. The ability of strain YP382-1-A T to grow at different temperatures was examined using the above mentioned media at 4-45 C (at 5 C intervals). Requirement for NaCl was tested on SYP media (made with sterile water) containing 0-15 % (w/v) NaCl, at intervals of 1 %. The effect of pH on growth was assessed in marine broth media with pH values of 4-10, at intervals of 1 pH unit. Gram staining was performed according to the method described by Sübmuth [11] . Growth under anaerobic conditions was monitored during incubation in an anaerobic jar for 7 days at 25 C. Susceptibility to antibiotics was tested on MA plates using antibiotic discs containing the following: ampicillin (10 µg), carbenicillin (100 µg), cefoxitin (30 µg), chloramphenicol (30 µg), clindamycin (2 µg), erythromycin (15 µg), gentamicin (30 µg), levofloxacin (5 µg), lincomycin (15 µg), linezolid (10 µg), metronidazole (5 µg), penicillin G (10 µg), rifampicin (5 µg), teicoplanin (30 µg), tetracycline (30 µg) and vancomycin (30 µg). Utilization of carbon sources was investigated using the API 50CH panel (bio-M erieux) according to the manufacturer's recommendations. In addition, API 20E, API 20NE and API ZYM test systems (bioM erieux) were used to determine further biochemical properties.
Fatty acid methyl esters were extracted and prepared according to the standard protocol of the MIDI/Hewlett Packard Microbial Identification System [12] . DNA G+C content was estimated by HPLC analysis, as described by Martin [13] . Isoprenoid quinones were extracted according to the method reported by Bligh and Dyer and separated by HPLC, as detailed previously [14, 15] . Cell motility, morphology and the presence of flagellum were observed using light microscopy (CKX53; Olympus) and an energy-filtering transmission electron microscope (LIBRA 120; Carl Zeiss).
Chromosomal DNA of strain YP382-1-A T was isolated using a QIAamp DNA Mini Kit (Qiagen). PCR was used to amplify 16S rRNA genes using the primers 27F and 1492R, the products of which were purified with a MinElute PCR purification kit (Qiagen) according to the manufacturer's protocol, and sequenced on a capillary electrophoresis instrument (Applied Biosystems 3730XL) [16] . Similarity between the 16S rRNA gene sequence of strain YP382-1-A T and those of other bacteria previously described was determined by performing BLAST searches of the GenBank/ EMBL/DDBJ database [17] . Multiple sequence alignment of representative sequences was carried out with CLUSTAL W version 2.0 [18] . Neighbour-joining, maximum-likelihood and maximum-parsimony trees were generated using MEGA 6.0.6 [19] .
Strain YP382-1-A T was a Gram-stain-negative, aerobic, motile and rod-shaped bacterium with a single polar flagellum ( Fig. S1 , available in the online Supplementary Material). It formed round colonies with red to purple pigmentation on SYP and MA media at 27 C after 3-7 days. Strain YP382-1-A T grew at 15-35 C, optimally so at 25 C. It did not grow at 4-10 or 40-45 C. No growth was observed on tryptic soy agar medium at any temperature. Moreover, no colonies were apparent on media containing 0-2 and 5-15 % (w/v) NaCl. Growth occurred at pH 6-10 but not pH 4-5. [26, 27] .
A phylogenetic analysis was performed on the nearly complete 16S rRNA gene sequence of strain YP382-1-A T . The 46 reference sequences used in the analysis incorporated type strains from three families in the order Rhizobiales to which strain YP382-1-A T was found to be most closely related, including several from Brucellaceae, Rhizobiaceae and Phyllobacteriaceae. In the phylogenetic tree reconstructed using the neighbour-joining algorithm, strain YP382-1-A T formed a cluster with H. alexandrii AM1V30 T , Hoeflea phototrophica NCIMB 14078 T , Hoeflea marina LMG 128 T , Lentilitoribacter donghaensis BH-4 T and Pseudahrensia aquimaris HDW-32 T belonging to the family Phyllobacteriaceae, which was well supported with the maximum-likelihood and maximum-parsimony algorithms (Fig. 1) . Strain YP382-1-A T was clearly placed in a distinct lineage, affiliated with other families in Rhizobiales in the phylogenetic tree (Fig. 1) .
In phenotypic tests, certain similarities were noted between strain YP382-1-A T and the phylogenetically closest type strains (based on 16S rRNA genes), including cell shape (rods) and the predominant ubiquinone (Q-10); however, motility (by means of flagella), colony colour, and the NaCl and temperature ranges at which growth was observed were found to differ ( Table 1 ). The sole major fatty acid (i.e. constituting >10 % of the total fatty acids) was identified as C 18 : 1 !7c (92.8 %) in strain YP382-1-A T (Tables 1 and S1 ). However, the proportions of certain fatty acids differed between YP382-1-A T and its closest phylogenetic neighbours (Tables 1 and S1). In particular, C 14 : 0 and 11-methyl C 18 : 1 !7c were not detected in strain YP382-1-A T ; in particular, 11-methyl C 18 : 1 !7c was present in significant amounts (5.3, 12.5 and 17.3 %, respectively) in Pseudahrensia aquimaris HDW-32 T , L. donghaensis BH-4 T and H. alexandrii AM1V30 T (Table S1 ). In addition, the colony colour of strain YP382-1-A T contrasted strikingly with the pigmentation of related type strains (Table 1) . Given its clear phylogenetic distinctness, we propose that strain YP382-1-A T belongs to the order Rhizobiales within a new family, Mabikibacteraceae, and represents a novel species of a new genus, Mabikibacter ruber gen. nov., sp. nov.
DESCRIPTION OF MABIKIBACTER GEN. NOV.
Mabikibacter The family Mabikibacteraceae is within the order Rhizobiales and encompasses Gram-negative bacteria retrieved from marine sediment. Currently, the family comprises the genus Mabikibacter. The delineation of the family is primarily determined by phylogenetic position based on 16S rRNA gene sequences. The detailed description of this family is the same as that given for the genus Mabikibacter. The type genus of the family is Mabikibacter.
